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Olden, 2011; Schlaepfer et al., 2012) . In fact, there are relatively few empirical studies that present information about the benefits provided by IAS, although the focus on this literature has been increasing in the last years (Kull et al., 2011; Shackleton et al., 2007; Tassin & Kull, 2015) . The so-called "conflict species" can be highly regarded for the benefits they provide. But they can also be considered as a serious environmental threat from a management perspective.
Many risk and impact assessments have been developed to prioritize IAS control and management, with a focus on the negative environmental impacts and economic damages (Roy et al., 2014) .
Prevention has been increasingly recognized as the most cost-effective strategy to ensure pristine ecosystems remaining free of IAS (Genovesi & Monaco, 2013; Meyerson & Mooney, 2007) , even though it is not foolproof (Chornesky et al., 2005) . IAS control and eradication are often advocated as consequent management operations and require huge financial resources (Boonman-Berson, Turnhout, & van Tatenhove, 2014; Ewel & Putz, 2004 ). Yet, high rates of species invasions are projected to increase in the future. Suggestions have been proposed toward building or maintaining ecosystem resilience and services, rather than restoring IAS-free ecosystems that may be futile (Lin & Petersen, 2013; Pyšek & Richardson, 2010) . Although this approach is controversial due to the importance of the evolutionary context in species interactions (Richardson & Ricciardi, 2003) and the unpredictability of some negative consequences of invasions, there is nevertheless a pragmatic need for management alternatives to IAS removal (Hulme, Pyšek, Nentwig, & Vilà, 2009; McMahon et al., 2006) . Ecosystem services (ES) are the processes, functions or ecological characteristics through which ecosystems sustain and fulfill human life, either directly (e.g., provision of food) or indirectly (e.g., pollination) (Costanza et al., 2017; Daily, 1997) . IAS may cause changes in these services by altering the ecosystems (Peh et al., 2015; Vilà et al., 2010; Vilà & Hulme, 2017) . Therefore tools, such as risk-assessment schemes, that help to evaluate such impacts and aid for the prioritization and management of IAS are essential. Roy et al., (2018) identified 14 minimum attributes a risk-assessment scheme should include, of which two are related to human well-being: "Assessment of impact on ecosystem services" and "Assessment of socio-economic impacts." These attributes were also two of the most notable gaps in our knowledge required for completing risk assessments.
However, IAS ES impact assessments are always challenging and require substantial resources for three reasons: first, ES are governed by complex interactions that make them difficult to measure over space and time; second, long-term, large-scale data often do not exist (Eviner, Garbach, Baty, & Hoskinson, 2012; Kremen, 2005) ; and last, current measures of many ES are still crude (Bennett, Peterson, & Gordon, 2009; Naidoo et al., 2008 ).
Yet, new standards to evaluate IAS effects on human well-being have been developed (Çinar, Arianoutsou, Zenetos, & Golani, 2014; Dickie et al., 2014; McLaughlan, Gallardo, & Aldridge, 2014; Pejchar & Mooney, 2009 ). An important example is the Socio-Economic Impact Classification of Alien Taxa (SEICAT; Bacher et al., 2018) that evaluates the impacts on human welfares using changes in human activities as metric; a sister-scheme of the Environmental Impact Classification of Alien Taxa (EICAT) which is officially ad- Information obtained by using INSEAT can then be fed into an integrated approach which, among other activities, involves seeking stakeholder opinions on the way forward (Cook & Proctor, 2007; Liu, Proctor, & Cook, 2010) .
In this study, we piloted INSEAT to assess the effects of 18 wellknown IAS in Great Britain (GB) on ecosystem service provision.
However, due to space constraint, we described only four case stud- 
| ME THODS
A concise, yet informative, ES classification scheme is essential for IAS managers to understand the different types of ES. We built an integrated ES classification scheme (Appendix 1) based on three widely accepted ES classifications from the Millennium Ecosystem Assessment (Millennium Ecosystem Assessment, 2005) , the UK National Ecosystem Assessment (UK NEA; Mace et al., 2011) and The Economics of Ecosystem and Biodiversity (TEEB, 2016) . We excluded supporting services in our ES classification scheme to avoid double-counting since all the other services are underpinned by them (Haines-Young & Potschin, 2012) .
Assessing IAS effects on ES requires a qualitative and broad evaluation (Roy et al., 2014) . INSEAT is designed to be completed by experts on a particular IAS by scoring its effect on a range of ES from our ES classification scheme (although other ES classifications could also be used). We created an integrated assessment proforma (Figure 1) that included questions designed to assess (a) the strength and direction of IAS effects on ES provision; (b) IAS potential to provide ES; and (c) the management effort required to eradicate the alien species.
| Using experts' opinions
The INSEAT protocol relies on expert judgment, which is often sought when there is scientific uncertainty or when data are absent 
Level of confidence Description
High Score is based on (a) scientific evidence/existing data derived within your country; and/or (b) personal observation within your country; and/or (c) professional opinion/view/judgement based on knowledge, fact or work/research experience that is specific to the country.
Medium
Score is based on (a) scientific evidence/existing data derived from a region that may be a good surrogate for your country; and/or (b) personal observation in a region which is similar to your country; and/or (c) professional opinion/view/judgement based on knowledge, fact or work/research experience that is specific to a region similar to your country.
Low
Score is based on (a) scientific evidence/existing data derived from an unknown locality or area that may not be a good surrogate for your country; and/or (b) personal observation that is specific to a region not similar to your country; and/or (c) anecdotal evidence. Any suppositions, assumptions or hypotheses shall also fall into this category.
or insufficient (Hemming, Burgman, Hanea, McBride, & Wintle, 2018) . However, experts' reliability can be compromised, as experts are prone to biases and heuristics. Hence, numerous expert elicitation techniques have been developed (Cooke, 1991; O'Hagan et al., 2006; Sutherland & Burgman, 2015 (Pyšek & Richardson, 2010; Vilà et al., 2011) . Third, the language used in the questionnaire has been tested during the pilot phase and improved, to avoid language-based 2 Medium efforts -the species can be eradicated with medium resources input (access requires certain effort, might need machinery, skilled staff or materials such as pesticides)
3 High efforts-can be eradicated but is resource intensive (due to complicated access, need of machinery, skilled staff and materials such as pesticides).
4 Unmanageable -management measures cannot eradicate the species due to impossible accessibility or physical resources -I do not know 
| Assessing strength and direction of IAS effects
Semiquantitative Likert scales are used to rank environmental and socio-economic impacts, following other assessments such as the Generic Impact Scoring System (Nentwig, Bacher, Pyšek, Vilà, & Kumschick, 2016) . Each scale level is well-defined to avoid ambiguities and also to make categories and taxa comparable. The scale ranges from −4 to 4, each level combining the strength ("no effect," "too small," "noticeable," "substantial," and "intense") and the reversibility of the impact if the species is removed ("reversible" or "irreversible"). We consider that only "intense" effects can be irreversible, as for less extreme impacts the ecosystems would naturally recover to their original state.
We used the variability of agreement among the respondents as a measure of robustness in the knowledge of a species in terms of its impact on a particular ES. Low agreement, inferred by a high variability in the scoring, helps to identify knowledge gaps about the effect of that species.
We assumed that the effect of a widely distributed species to be greater than if it were more narrowly distributed. Therefore, the "Impact Index," was determined by weighing the species impact Finally, we wanted to know the similarities and contrasts in the effects among species. This might be useful to answer ecological questions-such as "Do IAS from same taxonomic groups have similar effects, and do those effects differ between taxonomic
Question 4. Ecosystem services impact assessment
We have designed a semi-quantitative scale that assesses both positive and negative effects of this species. Each score is defined as:
Score Impact score definition 4 The species leads to an increase in the provision of the ecosystem service, which is both intense and irreversible 3 Substantial increase in the provision of the ecosystem service; the effect is reversible if the species is managed or removed 2 Noticeable increase in the provision of the ecosystem service but reversible if the species is managed or removed
1 The increase in the provision of the ecosystem service is too small to be significant 0 No impacts detectable/ecosystem services not applicable to this species
The reduction in the provision of the ecosystem service is too small to be significant -2 Noticeable reduction in the provision of the ecosystem service; it is reversible if the species is managed or removed -3 Substantial reduction in the provision of the ecosystem service; the effect is reversible if the species is managed or removed
The species leads to a reduction in the provision of the ecosystem service, which is both intense and irreversible
groups?"-that may ultimately help to design management plans.
Then, we used k-means clustering algorithm (Hartigan & Wong, 1979) to determine the naturally occurring groups within the dataset, and the Silhouette Plot method (Appendix 3) to measure the fitness of the clustering (Kaufman & Rousseeuw, 1990 ).
| Assessing species potential to provide ES
We assumed that IAS has a potential to provide ecological or cultural benefits under appropriate management (defined as any management scenario that would lead to the improvement of a Provisioning services. These are the products that people obtain from ecosystems.
Knowledge systems and educational values (i.e. types of knowledge and basis for education)
F I G U R E 1 Continued particular ecosystem service provided by a species). To assess this, the respondents were asked to select a list of ES that could potentially be enhanced by the species in question under adequate management.
| Assessing species manageability
Prioritization of cost-effective IAS management is often essential for site managers, due to limited resources. Risk management is a tool Booy et al. (2017) , uses seven key criteria: Effectiveness, Practicality, Cost, Impact, Acceptability, Opportunity window and Likelihood of re-invasion.
As part of the quick IAS assessment proposed here, we developed a basic manageability assessment for assessing the feasibility of eradicating an IAS. This complements the results of the IAS effects assessment by providing a more comprehensive information about the ecology of the species in question. We based the manageability of the species on their spreading capacity (i.e., invasiveness), and the management effort (i.e., practicality-e.g., physical access and resources such as overall costs, dependent on machinery, staff and materials such as pesticides) that would be required for its eradication locally (see Booy et al., 2017) . 
| Piloting INSEAT: Case studies
Approximately 3,864 alien species are currently established in Great Britain (Zieritz, Armas, & Aldridge, 2014) . However, only 15.3% of them are considered to have negative effects on the environment or human well-being (Roy et al., 2012) . For piloting INSEAT, we selected 18 most-studied IAS from six taxonomic groups-namely, terrestrial higher plants, mammals, aquatic crustaceans, birds, insects, and marine plants-to allow comparisons within and between groups (Appendix 4).
The respondents selected for piloting INSEAT were all IAS experts in Great Britain. We identified these respondents from the Delivering Alien Invasive Species Inventories for Europe database, as well as the relevant scientific publications. We contacted a total of 452 experts via email, requesting them to complete an anonymous online survey (survey software, https://www.isurvey.soton.ac.uk/) on a voluntary basis. This pilot exercise was approved by an Ethics
Committee at the University of Southampton.
All the graphical outputs and statistical analysis were performed using RStudio 3.3.1 (R Core Team, 2016), R packages "ggplot2" (Wickham, 2009) , "ggrepel" (Slowikowski, 2016) and "Flexible Procedures for Clustering" (Hennig, 2015) . The pilot assessment form can be found in Appendix 2; this assessment form improved after the pilot thanks to the feedback provided by the respondents and reviewers. The final assessment form is shown in Figure 1. 
| Categorizing level of confidence
We acknowledge the feedback from the testing of INSEAT that the pilot proforma lacks the capacity for the experts to validate their responses. The fact that respondents did not need to justify their answers or indicate their degree of uncertainty may strongly reduce the reliability of the assessment. Although the strength of INSEAT lies on its ability to rapidly obtain responses from a large number of experts, scores derived from this tool will inevitably have varying degree of uncertainty associated with them. In order to keep a balance between practicality and reliability, we added a section in the revised proforma asking the respondents to report the confidence level of their assessment for each ES (as High, Medium or Low; for definitions, see Figure 1 ). We also added a request to the respondents for information (e.g., scientific evidence, personal observations, professional opinions) that support their scores in general.
Understanding the uncertainty of the responses and its implications can help to further inform IAS management decisions.
| RE SULTS
Our pilot survey, covering 18 IAS, was completed by 78 IAS experts in total (i.e., response rate of 17%). The average number of species to Scotland (Roy, 2015) . This invasive species was assessed by 12 experts in this study. The experts agreed that Harmonia axyridis has a positive impact through its effect on pest regulation. This also has a synergistic association with other benefits such as the production of cultivated goods (Figure 2a) . Furthermore, 30% of the experts considered that this ladybird is potentially beneficial for provision of fuels (i.e., beneficial for standing vegetation) and harvested wild goods (Figure 2b) . However, the experts had also identified some negative effects associated with this IAS; primarily this species could adversely affect wild species diversity, or genetic diversity (with a median score of −2). Therefore, this case study demonstrates how the tool could be employed to detect important trade-offs between the provision and loss of services associated with an invasive species (Figure 2c ).
• Astacus leptodactylus (Figure 3 )-Turkish crayfish occupies lakes, ponds, and rivers, but it has also been recorded in brackish water (Aldridge, 2016) . This species was first recorded in 1975.
Currently, it is well established in England with isolated populations in Wales as well. This invasive species was assessed by 12 experts. The overall effect of this species in the country is considered as "mild" as none of the effect index is higher than 3 or lower than −3 (Figure 3c ). This case study, however, highlighted a discrepancy among the experts in terms of their views on the usefulness of this species used as a food source ( Figure   3a ). Nevertheless, 50% of the respondents indicated that there is a potential of this species to be used as a harvested wild good ( Figure 3b ).
• • Impatiens glandulifera ( Figure 5 )-Himalayan balsam is an annual weed native from the Indian subcontinent. Recorded for the first time in 1851 in Great Britain, it is currently distributed through most lowland (Day, 2015) . We had 26 experts assessing this species. The majority of the effects of this invasive species were considered negative (Figure 5a ). The level of congruence for two particular ES is low (i.e., high uncertainty): erosion regulation (median score of −3; quartiles ranging from 0 to −4), and pollination, (median score of 1; quartiles ranging from 3 to −3). Nevertheless, the impact index scores clearly indicated that this species as highly damaging to the environment (Figure 5c ).
| Manageability and clustering analysis
Overall, the manageability of all 18 IAS in this study is low, with a man- The clustering analysis indicated that the best number of clusters for our species sample is three, with an average silhouette width of 0.27. This silhouette width is substantially low, indicating a weak clustering structure (Appendix 3). Hence, no statistically significant cluster was found among the 18 IAS in the study (Kaufman & Rousseeuw, 1990 ).
| D ISCUSS I ON
Preventing IAS spread is the most cost-effective strategy to build IAS-free ecosystems (Richardon & Ricciardi, 2013) . However, such management approach is unlikely to be 100% effective (Chornesky et al., 2005) ; and the ongoing rapid rates of species invasion sug- INvasive Species Effects Assessment Tool can highlight the level of confidence in our current knowledge of IAS, thus enabling us to pinpoint any research gaps and/or conjectures, as negative connotations of some alien species may be based on incomplete information (Bonanno, 2016; Davis, 2009; McMahon et al., 2006; Schlaepfer et al., 2011 Schlaepfer et al., , 2012 . The lack of congruence in the responses from our pilot scheme could be due to the unclear definitions of the impact scales (which we have improved after piloting). (Humair, Edwards, Siegrist, & Kueffer, 2014) . This is because the notion of IAS as concepts have similar but not identical meaning to different group of experts and stakeholders; this interpretative flexibility bears the risk of introducing misunderstandings. Humair et al. (2014) urged IAS experts to acknowledge uncertainties, to engage transparently in deliberation about conflicting issues and to take the role of impartial mediators of policy alternatives rather than of issue advocates. INSEAT supports this observation, with an aspiration that our results will aid in this deliberation.
In some IAS, the direction of their effects on certain ES remained equivocal. For instance, the impact score of Himalayan balsam on pollination ranged from 3 to −3. Furthermore, the socio-cultural attitudes of the respondents toward a particular species could also vary.
This was prominently reflected by the significant variations (ranging from positive to negative) in the impact scores for cultural ES-such as "aesthetics"-in many cases. As the assessments on cultural services are dependent on personal views, it could therefore inevitably be opened to more ambiguous outcomes.
Having incorporated the positive effects provided by IAS,
INSEAT provides a more comprehensive assessment of the IAS consequences across different types of ES, as opposed to focusing on the negative aspects exclusively. This will provide users new insights into the species, allowing diversification of management actions. Once the prevention measures have failed, goals of coexistence are more feasible than eradication in terms of economic resources, time and management effort (Davis, 2009; Wittenberg & Cock, 2005) . Hence, these management strategies should be preferred whenever it is possible. Successful management strategies often acknowledge "that the primary and inevitable constant of the natural world is change" (Davis, 2009) . Therefore, we suggest an adaptive management approach to deal with IAS (Murray & Marmorek, 2003) There are accounts of how the removal of an alien species could compromise the provision of cultural ES in a local context and lead to strong public opposition (Bennett, 2016; Bonanno, 2016; Dickie et al., 2014) . Information gathered about the effects of an invasive species can be used, in combination with local knowledge, to work with stakeholders to identify the most appropriate management plan. For example, Sciurus carolinensis (gray squirrel)-one of the pilot species in this study-had received positive impact scores on multiple cultural ES and comments such as "for some people in the most urbanized areas, gray squirrels are their only experience of wildlife." The removal of gray squirrel had led to strong public opposition in the past (Bremner & Park, 2007) ; INSEAT would have allowed wildlife managers to circumvent public outrage by identifying alternative, socially acceptable squirrel management plans.
One useful feature of INSEAT is that it could highlight the potential benefits that an invasive species could provide under appropriate management (Figures 1b, 2b, 3b and 4b) . Under certain climate change scenarios, some non-native species have even been considered necessary to assure local ecosystem function continuity (Lin & Petersen, 2013; Walther et al., 2009) . Cases of IAS providing refuge for native species have also been reported (Chiba, 2010 Invasive alien species management involves an estimation of the resources required for effective control. INSEAT allows users to visualize the level of manageability of an invasive species (Figure 6 ), thus providing a preliminary assessment of feasibility of IAS management. To enhance the efficacy of a control measure, the tool also allows users to distinguish groups of IAS with similar effects. Our clusters were not statistically significant for all pilot species; this is not surprising given that they were from six different taxonomic groups. To be useful, the clustering analysis should include invasive species from the same taxon (e.g., avian) only.
Finally, we believe that INSEAT can be applied on a user-friendly web interface and adapted as an online survey which can be com- should complement other risk assessments (e.g., Booy et al., 2017) and be used to build awareness, detect knowledge gaps and aid in the design of alternative management strategies. In fact, a bridge between INSEAT and EICAT, which evaluates, compares, and predicts the magnitudes of the environmental impacts of different IAS taxa (Hawkins et al., 2015) , would be beneficial for both IAS management and policy.
Decision-makers could then evaluate all the knowledge available, while exploring management alternatives, by focusing on the functional role rather than on the origin of the species (Bonanno, 2016) .
APPENDIX 1
Correspondence (*) To determine uncertainty, the revised proforma asks respondents to report the level of confidence in their assessments, and to provide information that support their scores. (**) Management effort. The scale used to define the management effort was improved, inspired by the work of Booy et al. (2017) . (***) In the revised version, the impact categories are better defined, and use terminologies that avoid making judgements on the effect of IAS on the ES. The new version also includes the option "Data deficient" for acknowledging that the lack of knowledge is because of no existing data or evidence, rather than the unawareness of an individual. (****) Question 6 was added to gather information that support the expert's responses.
APPENDIX 3
K-M E A N S CLUS TE R I N G
Best number of clusters and interpretation of the results.
Clustering algorithms find naturally occurring groups in a dataset.
The K-means method divides the data points into "k" number of groups in which the sum of squares from these points to the clusters center is minimized (Hartigan & Wong, 1979) . To select the best "k" (number of clusters), the Silhouette Plot method is widely used. A Silhouette Plot is a representation of the cohesion among the points of a cluster and the separation between the points of different clusters ( Figure A3b ) (Rousseeuw, 1987) . Using the notation in the Figure This low value indicates weak cohesion among the data points. j: cluster; n j : number objects (species) in each cluster; ave i∈Cj s i : average width of each cluster
